Photoswitchable sol-gel transitions and catalysis mediated by polymer networks with coumarin-decorated Cu24L24 metal-organic cages as junctions.
Photoresponsive materials that degrade, expand, change shape, or alter their microscopic topology in response to light have been studied for a wide range of applications. Such materials are typically in a metastable state during irradiation and return to their pre-irradiated state after removal of the light source. Strategies for the synthesis of materials that can reversibly photoswitch between two or more stable states, remaining in each state until a different stimulus is applied, could find applications as actuators, catalysts, and sensors. Here, we report a polymer gel comprising poly(ethylene glycol) star polymers linked by Cu 24 L 24 cuboctahedral metal-organic cages/polyhedra (MOCs) decorated with coumarin ligands. Upon exposure to long-wavelength UV light in the presence of a photosensitizer and a hydrogen donor, this "polyMOC" material can be reversibly switched between three oxidation states of copper (Cu(II), Cu(I), and Cu(0)). The instability of the MOC junctions of these materials in the Cu(I) and Cu(0) states leads to network disassembly, providing Cu(I)/Cu(0) solutions, respectively, that are stable until exposure to a second stimulus, oxygen, induces re-oxidation to Cu(II) and rapid supramolecular gelation. This reversible supramolecular disassembly of the Cu-based polyMOC network is shown to occur in the presence of a fixed covalent second network generated in situ by copper-catalyzed azide-alkyne cycloaddition (CuAAC), providing interpenetrating supramolecular and covalent double networks with spatiotemporally enhanced mechanical properties. This work demonstrates that reversible disassembly of multicomponent MOCs can be used to switch bulk material properties, enabling functions that are difficult to access in traditional supramolecular networks.